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AnafleMHK 
T. H. OJIEPOB 



CHHTE3 

CBEPXTH/KEJIBIX 3JIEMEHTOB 
II nPHMEHEHHE METO^OB 
H^EPHOH OH3HKH 
B CMEHfflBIX OBJIACTHX 

HaynHoe cooSmeHne 



MdopHH Bonpoca o npaKxnnecKOM npiiMeueuiiH 
nyHKOB MHorosapfl^HMx hohob xgcho CBaaana c paanuxneM <$h;ihkh xn;Ke- 
wlh hohob h ycKopHTejiBHOH xexnHKH. B 1960 r. b JIa6opaTopnn HAepnux 
peara^HH 06T>cAHHeHnoro HHCTHTyTa HAepHBix HCCJieAOBannii Gbiji BBCAen 
b A^HCTBiie TpexMGTpoBBiH uniuioxpon Y-300, KOTopwii no cbohm iiapaMeTpaM 
He ycTynaa JiyHiimM b MHpe ycKopnxeJiHM xnjKejiBix iioiiob. B peayjiBxaxe 
20-JiexneH 3KcmiyaTaijHH ijHKJioxpona (Jlijih noJiy^ciiH naoTonBi iiobux xh- 

MHHeCKHX 3aeMCHT0B C 3 TOM 13 bl Mil IIOMCpaMH OT 102 AO 107, HCCJieAOBaUM 

hx CBOHCTBa, OTKpuTBi uouBiG bhah paAnoaKXHBiioro pacnaAa: cnoiiTanuo 
Aejifln^secH H30Mepu, 3ana3AHBaiomee AeJienne, npoToiiiian paAHoanxHBuocxB, 
cymecTBeHHo paciuHpHBHrae coBpeMennue npeACTaBJieiiim o cTpoeiiiiii aTOM- 
Horo hap a n HyKjieocHHxe3a ajieMeirroB BcejiennoH. 

B peaKi^HHx c homohp>k) xa>KeJiBix hohob yAajioct nojiy^HTb HAepiiyio 

MaTepHJO B 3KCTpeMajIt>HBIX COCTOHHHHX — CHHTe3HpOBaTb flApa CO 3Ha4HTeJIB- 
HBIM «HeAOCTaTKOM» H «H36hTKOM» HeHXpOHOB, C 6oJIBIHOH aneprHefl B03- 

6y)KAeHHH (~100 MaB) h yraoBBiMH MOMeHxaMH, ao crura ioujiimh coTeH 
eAHBam. Gennac Bcxaji Bonpoc o CHHxe3e 110-ro h 111-ro ajieMeuxoB, ce^euHe 
o6pa30Banna Koxopnx oi^eHHBaexca bgjihhhhom 10~ 3a cm 2 . Ilpn ctojib MajiOM 
ce^eHHH peai^HH h Macce mhihghh okojio 1 Mr ajih cHiixe3a oAiioro axoMa 
HOBoro ajieMeHxa b nac noxpeSyexca nynpu 6oM6apAiipyK>mHx hohob c hh- 
xghchbhocxbk) 10 u ^acx./c IIoJiyHeHHe cxojib moh^hbix ny^KOB xnjKejiBix hohob 
<;xaao AOCxynHMM c bboaom b cxpofi HOBoro ycKopnxejiH wia6opaxopHH HAep- 
hhx peaimnfi — H30xpoHHoro i^HKJioxpoHa y-400; no nnxeHCHBnocxH ny^KOB 
oh npeBocxoAHT ace cymecxByionpie ycKopnxejin XHJKejiMx hohob, BMecxe 
B3HXBie (pnc. 1). C 3KcnepHMeHxaMH na y-400 mm CBH3HBaeM HOBLie nep- 
cneKXHBBi cnuxe3a CBepxxHHcejiBix ajieMenioB h $h3hkh xHH^ejiux hohob. 
CjieAyex oxMexnxb, oAHaico, hxo npoABnweHHe b oSjiacxt xHmejiHx HAep 
CHHHcaex k. n. a. ny^Ka ^KJioxpona. J^eHcxBHxeJibiio, AJifl nojiyneHHH, Ha- 
npHMep, OAHoro axoMa 107-ro ajieMeHxa xpe6yexcH ^10 Jfl HAep-cHapaAOB, 
h, xaKHM o6pa30M, coScxBeHHo b CHHxe3e ynacxByex jihhib 10" 16 nacxt hoh- 
Horo nyHKa. TpyAHo npeACxaBHXb ce6e xexHOJiorHMecKHH npoi^ecc co cxojib 

HH3KHM K. H.A-! OAHaKO CyH^eCXByeX APyrOH, CBH3aHHUH C npHM6HGHHeM 

hohhhx njniKOB npoijecc, b KoxopoM HcnoJiB3yexcn SyKBajiBHo K^mj^wk ycKO- 
peHHBiH hoh, ycjioBHo MOHuio CKa3axB, hxo ero k. n. A- paBeH 100%. Pghb 
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Pnc. 1. Hhtchchbhoctb nyn-: 

K0B THH<eJlBIX H0H0B UHKJIO- 

Tpona Y-400 b cpaBHeHHH c 
napaMeTpaMn ycKopHTejien 
3anaflnMX liay^Hbix abhtpob 



H«eT o HflepHux (J)HJii>Tpax. HecMOTpn Ha to, hto naynnbie acneKTH MeTOAOB 
nojryneHHH H^epnux <J>HJibTpoB CBH3anbi CKopee c paflHaijHOHiiou $h3hkoh 

H XHMHeH, HBM C (j>H3HK0H HApa, np0CJie)KHBaeTCfl <<reHeTmeCKaH» CBH3b> 

Me?KAy pa6oTaMH no CHHTeay hobwx ajieMenroB n pa3BHTneM TexnoJiorHH 

H^epHUX $HJIbTp0B. 

fljIH perHCTpai^HH aTOMOB HOBHX 3JIGMeHT0B T 06pa3yi0II^HXCfl B HftepHHX 

peaiajnax, ncnojiB30BajiHCb flHajieKTpiiHecKHe AOTeKTopu waepnux nacTHA. 
Ha^qajio hx npHMeiieHHJO hojiojkhjih paSoTU Konu,a 50-x — nanajia 60-x roAoa, 
KOTopue noKa3a:iH, ^to THJKejiue 3apH>Kemibie ^acTimw ocTasJinioT b neop- 
ramiHecKHx KpncTajujax npoTnmennu'e AC<£eKTbi, BbiHBJineMbie npn xHMHHe- 
ckom TpaBJieiiim. B 1963 r. coTpyfliiHKH Jia6opaTopiiH aflepnbix peaKn.ua 
o6napy?KiijiH b CTeKJie 3<|)<|)eKT TpaBJienira TpeKOB ockojikob AeaeiniH. CTeK- 
flHHHbie AGTeKTopbi cpa3y nanum npHMenemie b 3KcnepnMeHTax no hach- 
TH$HKai^HH aTOMHoro HOMepa h MaccoBoro ^HCJia cnoHTanno AeJinmerocji 
rooMepa Hflpa " 2 'Am. K TOMy tkb BpeMeHH othochtch oTKpbrrne aMepHKaH- 
ckhmii uccjieAOBaxejiflMH a$$ eKTa TpaBjieHHH TpeKOB b nojiHMepax. Bee Tpn 
BHAa AK3 ji e KTpn 1 ! ecKHx AeieKTopoB: HeopraHHHecKHe KpncTaJiJibi, cTeKJia « 
nojiHMepu — BnocjieACTBira 6hjih mnpoKO Hcnojib30BaHH b pa6oTax no chh- 
Te3y n nccjieAOBaHHio cbohctb TpaHC$epMHeBwx 3JieM6HT0B, nsynennio 
6apbepoB AGJieHHH HAep, onpeAeJieHHK) ceneHHH jienennE n yivioBoro paenpe- 
AejieHHH ockojikob AfcJienHH, nccjieAOBaHHio 3ana3AHBaion^ero AeJieHHH, onpe- 
AeJiennio BpeMeHH >kh3hh cocTaBHux HAep c noMonjbio MeTOAa TeHen n t. a- 
0 t jihhiitc jiiiH a a oco6eHnocTb AH3JieKTpiniecKHx AeieKTopoB — blicokhu nopor pern- 
CTpanim. MHorne MraepajiM h CTeKJia He nyBCTtnTejitHH k B03AeiicTBnio nacTUA c 3apa- 
AOM HApa Z<10— 15, a HeKOTopwe H3 hhx perHCTpnpyioT Jinmb HacTnmj c Z>20. 3to 
cbohctbo OKa3ajiocb BecbMa AeHHHM npn HcnojiL30BaHnn Ana^eicTpmecKHX TpeKOBHX 
AeTeKTopoB b HAepHo-4>H3HHecKHX BKcnepnMeHTax, rAe Hyamo 6hho bhagjibtb peAKHe 
co6tiTnH npn bwcokom ypoBne iJoHa. IIo^HMepHMe MaTepnajiH, nanporaB, oShhho o6jia- 
AaioT cpaBHHTeJibHo hh3khm noporoM pemcTpaAHH TfDKexhix 3apaHveHHbix ^acTHA h B«ieA- 

CTBUG 3TOrO BBICOKOH 3$$ CKT1IB H0CTI>H) peniCTpaitHH OCKOJIKOB AGJieHnH, HTO nO3BOJIHJI0 

pa3pa6oTaTb opiirnHajibHyio TexHOJiormo nojiyieHiin nopncibix MeM6paH. Ecjih TOBi<yK> 
nojiHMepByio njieHKy, o6jiy*ieHHyio oCKOJiKaMii AeJieHna, noABeprHyTt cooTBeTCTsyron^eH 
xnMBreeGKoif o6pa6oTKe (uanpiiMep, TpaBJiennio b pacTBope mejio^n), to oHa npeBpamaeT- 
ca b BbicoKOKanecTBeHHLiii $ HJII »TpoBajiLHLxii MaTepnaJi — aflepHua $ njlI >Tp. Ha btom 
nprnmnie ocnoBano npoii3BoacTBo aMepHKaHCKOii $npMoii dNuclear Corporation» noJin- 
KapGoHaTHMx n nojnio^iipHbiy MiiKpo^HJibTpoB. 
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HUTCJICHBHOCTL njnj- 
>KOJIbIX II0II0B miKJIO- 
y-400 B CpaBHeHHH c 
TpaMii ycKopirreaeH 
ux iiaynnux aohtpob : 

>' acneKTw mctoaob; 

1UUOHIIOU $II3HK0ft I 

reTiinecKan» cbh3b>1| 
uTiieM Texnojiorror S 

uuixca B HAepHHxS 
ffjiepiiux Pacini*. -|1 
iiauajia (50-x roAOB, f v 
JCTaBJimoT b neop- jf 
wbie npii xHMine- !| 
HAepubix peai^HH % 
>o Aejieiraa. CieK- § 
raeHTax no hach- f 
anno aejiameroc* S 

KpMTHe aM6pHKaH- ' : & 

>JiHMepax. Bee Tpn '§ 
TCTajijiti, cTeKJia » |c 
b paSoTax no cm-.M 

reHTOB, H3yHeHHH>3f 

f yrjioBoro pacnpe-^J 
to flejienHH, onpe^M 
roAa TeHen h t. j£w 
JUCOKnii nopor pena-^ 

'TBHK) *iaCTHn, C 3apB>||| 

acTHmj c Z>20. 3to || 

rpHICCKHX TpeKOBHX^ 

jio BH^enHTB peAKHe JM 
iPothb, o6u*rao o6jia-1|£ 
uiilix Hacrim h BCJiefl- :,X 
einm, hto no3BOJiiuia 'Mt 
u6pan. Ecjih TOHKy»^| 

cooTBeTCTByiomefr 
, to oHa npeBpanjaer-^ 
« $ruibTp. Ha 3Tbjtf 
r Corporation* norin 
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CnoAycT, oAiiauo, 3aMeTirrb, <ito ffucncpcun ockojikob no 3apnfly, Maccc n aiiepnm 
npnaoABT k onpoACJieiinoMy paafipocy AiraMcrpoB OTnepcTHH, KOTopbiii ocooemio 3aMeTeH 
npu caMbix Majiwx paaMepax nop. Kpo&iu Toro, Majibiii npoQer ockojikob aejiemm b hojiu- 
xiepax orpauimiiBaoT TomuHiry $njibTpyiomero MaTepnajia: oea ne MO>KeT npeBtimaTb 
10 mkm. CymecTBycT n orpainnenue nucjia oTBopcTim Ha ejpnTimy nJionjaAn juuibTpa: 
c yBeJiinemieM hjioteocth nop pacTOT CTOHMocTb {friuibTpoB, noaTOMy BtmycKaeMwe ceii- 
*iac b Miipe noJimcapSoiiaTiibie «Hflcpntic» MeMopaiibi umoiot njioniocTb nop ne Bbime 
610 8 cm- 2 . 

B 1974 r. b JIa6opaTopnH HAepnux peaiujira OHJ3H 6mjio peineno ncnojib- 
30BaTb AJifl H3roTOBJienuH HAepnbix (JiuibxpoB ne peaKTop n ypanoByio mii- 
meub, a ycKopirrejin TH>Kejibix hohob. 3to 6biji KanecTBeHiiwu cKaMOK b .pa:i- 
bhthh MeTOfla. TajKejiue nonw, necymue OAHHaKOBufi 3apHA u mieionpie 
oAHHaKOByK) CKopocTb, npn npoxoH^Aemin ^epea noJiHMep o6pa3yioT KanajiLi 
paAHaijnoHHoro noBpe?KA6HHH c OAHHaKOBon njioniocTbio Aec|)eKTOB. IlocJie- 
Ayiomee xnMiiqecKoe xpaBJieune npeBpanjaeT 3Tn Kanajibi b uiuiuiiApiiqecKHt 
OTBepcxHH OAHHaKOBoro AiiaMeipa. 

B oTJinnne ot «ocKOJionnoro» MeTOAa oojiyHenne njieiiKU .ua l^uKJioTpone 
AaeT bo3mo>kuocti> npoii3BOJii»no H3MeuHTb anepruio h Maccy 6oM6apAnpyio- 
^nx HacTHU, yro^ hx bxoas b noJiUMep, hto no3BOjineT $opMnpbBaTb Heo6* 
xoAHMyio CTpyiaypy MiiKpo(J)HJibTpa. BjtaroAapn oTiiocirrejibiio bmcokow hii- 
TeHCHBHOCTH nyiKOB na ycKopiiTeJinx Mrioro3apHAiibix houob naui mgtoa 
HecKOJibKo nopnAKOB npeBoexoAUT npouaBOAUTejibiiocTb «ocKOJiOMiioro» Me- 
TOAa. HaupuMep, b TGHeime 1 naca na unicjiOTpone Y-300 mo;kiio oGjiynMTb 
500—1000 m* noJiHMepnoro Maiepuajia npu njioTuocTu tpckob 10 9 cm" 2 . JJjih 
3aAaH t rAe TpeSyeTcn enje 6oJiee Bbicouan njioTiiocTb nop, MoryT GbiTb no- 

JiyHCHM $HJIbTpbJ, B KOTOpblX HHCJIO OTBCpCTHH na OAHOM KBdApaTlIOM Cail- 

THMeTpe njion^aAH AocTHraeT 10 10 h Aa>uo 6ojiee. 

Eme OAno npcHMymecTBo HAepubix $ujibTpoB coctoht b tom, mto HApa 
ycKopneMbix hoiiob CTaSnjibiibi, a ouepnifl hx neAOCTaTonna Rmi BCTynJieiiifn 
b HAepiiiie peaKi^HH c HApaMii ojicmciitob Mumenn. IIoaTOMy nojiuocTbio ot- 
cyTCTsyeT aKTHBaitan noJiHMepnoro MaTepnajia b npouecce oGjiyneiuw. 

CxeMa ofijiyHenun nojiiiMepuoii njicniai TH;i;ejibiMii HonaMii ii nocneAyio- 
ruen $H3HKo-xHMHqecKoii o6pa6oTi«i npeACTaBJiena na pnc. 2. 

fljia paBnoMcpnoro oCiynenun Bcex ynacTKoa njicnmi th/Kcjibimu nouaMii nepcMen- 
hlim 3JieKTpHHGCKiiM nojiGM c lacTOToii 2000 Tu, npon3BOAHTCfl pa3BcpTi<a nyuKa b ropn- 

3OHTaJn>H0H nJIOCKOCTH. CKOpOCTb AB">KeHUH DJICHKH B HpOUeCCO oGjiy^eilHH COCTaBJIfleT 
OT 0,1 AO 2 M/C B aaBHCHMOCTH OT HIITOIIC11BHOCTH IfOHBOrO HyUKa H Tpe6yeMOU nAOTHOCTU 

oGjiynennfl. Ha nym ny^ua mo>kho nocTaBHTb pa3JiHHiibie Macicn u norjiomaiomHe $oju>- 
m, n b peay.ibTaTe npocTpancTBcnnoc h ynioBoe pacnpeACJienne Tpcicos b nojiuMepnoM 
MaTepnajie 6yfleT H3MeHeno 3aAanutiM o6pa30M. 3aTeM noJiHMepiiyro nacHKy noABepraioT 
^>H3HKo-xHMHHecK0H o6pa6oTKe, npcABapnTejibHo o6jryqHB ee yjibTpa$HOJieTOBbiM cbotom. 
Hpn 3TOM ycKJiHBaeTCfl agctpykuhh noBpe>KneHHHx Hona&in Mojieityn nojinMepa, HAcpnbie 
TpeKH t pa batch 3na*nrrejibHo 6ucTpee, u yjiynmaiOTcn $opMa h oAnopoAHOCTb noJiynae- 

MblX OTBOpCTHH. 

XHMH^ecKoe TpaBJiennc o6jzyHennbix HonaMH nojinotjHpnbix miacniKOB (HanpaMep, 
nojiH3TnjieHTepe4>TaiiaTa uau nojiHKap6oHaTa) npoHSBOA^T b pacTBopax mejioien. Cko- 
pocTb ^po^ecca poryjinpyioT u3MenoHHeM TeMuepaTypw h KOHueHTpaunu meaonn. Hccjie- 
Aob^huh noKa3aan, hto KOHueHTpaAHonnaH n TeMnepaTypnan saBHCHMOCTH cKopocTR 
TpaBjieHHH AecTpyKTHpoBamHx MOJienyji^ aanojiHaioiAiix o6T,eM Tpena, hocht hhom 
xapaKTep, neM jjfla noJiHMepoB b hcxoahom coctohhuh. noflBJineTca B03Mo>KHocTb 3Ba- 
HHTeJibHo HSMeuflTb $opMy nop flAepHbix $nJibTpoB t BapbMpya b mHpoKHX npe«ejiax Tex- 
EOJiorspiecKHG napaMeTpti npoAecca xHMH^ecKon o6pa6oTKn. TaK, c uoMoiAbio bucoko- 
TeMnepaTypnoro TpaBJieHUA odjiyneHHoro th^gjimmh HOHaMH aaBcana b pa36aaaeHHbix 
pacTBopax n^eJionn co3AaioTcn y3Kne Kanajibi n p: b nnoHKe t jiiahhom 10 mkm mowho 
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funrea ceepzTMtc* 



OTRnoHfltoiUMe n/iacTMHW 



HOHOB 




- V-30 kB 
f=2000 
Ho/ie6./c 




Do/mMepHafi mieHua 

r OpRMMM B03AyX 



♦ t M 



HewTpann 



CH3COOH Jj^O— " 



npOMblBKa 

I 



Ha nepeMOTHy 



1 



1 



Pec. 2. CxeMa npoH3B0A- 

CTBa HAepHlIX (pUJIbtpOB 
C nOMOmtK) THHCeJOlX 
B0H0B 

a — oCcyHeHue nojiBMepHtix 
naeBOK TAwejiUMH hoh&mh, 

0 — <t>H3HHO XHMIl'ICCIfHJl . n(J- 

paCoTKa 




Pnc. 3. Pa3pe3 acHMMeT- 
pirmoro HAepnoro $hjh»t- 
pa 



ncwiynnTb nn^HHflpHHecKHe uopu AnaweipoM ~100 A, h, tokhm o6pa30M, oTEomenne jijai- 
hm nop k nx A«aMCTpy cocTasnT ~10 3 . HanpomB, TpaBjicnne b k oimeii t p h po b aHHO m pac- 
tBope meJioHH npH nu3Kou TeMncpaType o6pa3yeT iconycooGpaanue nopu. Ilpa btom yroa 
npH Bepmime icon yea rea Combine, Hen MCiibmeu Jionnsiipyiomcii cnoco6nocTLK) o6jiaAaioT 
6oM6apAHpyiomne lacTHUH. Ecjih TpaBJienne hpoboahtch c oahoh cToponu naeniui, to 
noJiynaeTCH $njnvrpyionuiB Ma.Tepnan, y KOToporo cenennn KanajiOB nop paBHOMepHo yBe- 

JIBHBBaiOTCH B HatipaBJIGUHH OT OAHOH nOBepXHOCTII K APyroft. B pjIAG CJiy^aCB HM6HBO 

TaKafl reoMCTpHH mohcgt 0Ka3aTbca noJie3iiou. B nacTnocTii, KonycHbie nopu 0Ka3WBaK)T 
Mentmee conpoTHBJienne ra3y iuih h^hakocth no cpaBHeunio c DKBiiBaJienTnuMn no npo- 
xoAHOMy A°aMeTpy akjihhap^igckhmh nopaMii. 

IIpo6jieMa chuhxChiiji conpoTiiBUCHHfl ^HJibTpa b npnHAune nMeeT h APyroe pemeHne. 
06meH3BecTeH $aKf / no cicopocTb TeieBHH ba3koh cpeAu ^epea Kannjuinp o6parao npo- 
nopAHOHaiibHa ero ajihbo. HAepHbie (jpHJibrpti — caMbie Tonnne H3 Bcex bhaob (JnaibTpoB 
(TOJnAHHOH oShtoo oKOJio 10 mkm) , h nx mokbo AejiaTb enje TOHtme. HeAaBHo 6mia pa3- 
pa6oTana MeTOAHKa H3roTOBJH6HHH «aHH30TponHbix» nAepnux $BJibTpoB c noBHmennon 
yAejibBou npoH3BOAHTeju>eocTbio (pnc. 3). Mx nonyqaioT, o6jiyHaH nojniMepHyio mieHKy 
(nepe3 cneAnaJibnyio ceTnaTyio MacKy) ycnopeHHbiMn noHaMn, ^jnrea npo6era KOTopux 
necKOJibKo Menbme TOJimnHH nJieHnn; A03y oSjiyneHnfl h ycjiOBiin xnMn^ecKOH o6pa6oTKii 
noA6npaK)T Tan, *nro6bi oSccnennTb nojrnoe BWTpaBJiHBaHiie MaTepnajia ao rjry6HHH, paa- 
h h npoSery bobob. IlocJie TpaBJienHH b nJienice 4><>PMBpyeTCH nnencTaH CTpyKTypa; toji- 
npraa aba nneeK onpeAeJifleTCH pasHm^es Me»(Ay bcxoahob tojoabbob nnenKR n a^hbob 
npo6era hobob h mojkct AOCTnraTb 1 — 2 mkm. C bomoirlk) AonoJinnteJibBbix onepai;Hii 



Kgay^HM h TpaBJie 

IjOl SJI6HKH, 8aJAHmc 

Key h oSecneTOBaioT 
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c jjHaMeTpo* 
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CxeMa npoH3Bo^ 

tepHWX (pflJlBTpoB 



leuue nojiHMepHMx 

THmeJIUMH H OH a Mil 
fKC-XHMn'CCCKHiI oO- 



Pa3pC3 aCHMMGT- 

"Aepuoro (Jhijilt- 



OTnomenHo ajeh- 
pwpoBaHHOM pac- 
. ITpn 3tom yroJi 
!Octi>jo oGjiaflaiOT 
•onu njiemcn, to 
paBnoMepHo jree- 
cJiyHaeB HMenno 

fOpu 0Ka3WBaK>T 

iiTntiMu no npo-. 

<pyroe pemerae. 
up oSpaTHo npo- 

BHAOB <J>HJIBTpOB 

laBno 6twa pa3- 
c noBtmieHHOH 
wepnyio aneHKy 
po6era KOTopnx 
>CKofi o6pa6oTKH 
o rjiy6aHM, paB- 
CTpyicrypa; toji- 

leUKIt H gJIHHOft 

bHux onepaanfl ' 



•-ft; 




oGJiy^oHHH n xpaBjienwi aho nqeeK npeBpamaeTca b tohkhh (JuuiBTpyromiiH caoii. y^acr- 
kh iijichkh, aamnmcniibie MacKOH npn nepBOM oojiyneHira, o6pa3ywT apMiipyjomyio cer- 
uy h oSecnoTOBaioT HcooxoAHMyio Mexamnieci;yiQ nporaocTB <|>HJU>Tpa. 

Bo3MO>kch ii ffpyroii Bapiraai nojiyHemin ha<?phwx (fmjiBTpoB c bhcokou npoHimae- 
moctlk). B KanecTBe ncxoAHoro MaTepnajia ucuoJib3yeTCH BecBMa tohkbh (1—2 mkm) 
njieHKa. Ona 3ai;penjiHeTCH ua Gojiee tojictou mieHKe-Hocirrejie, noABepraeTCH Heo6xoflH- 
mbim onepaauHM o6jiy*iennfl n Tpaajieumi, n 3aieM nepeHocirrcH Ha BbicoKonopncTyio 
noAno)KKy. 

K nacTonmeMy BpeMeim pa3paooTana Texnojiorria H3roTOBJieiina HAepuwx 
^HJibTpoB c A^aMeipoM nop ot HecKOJibKiix aecHTKOB anrcTpeM ao agchtkob 
mhkpoh. Ctojib mupoKHH a*i ana30H pa3MepoB ooecneniiBaeT bo3mohchoctb 
innpoKoro npnMeHenuH Taicnx <J>njiBTpoa b pa3Hoo6pa3HBix cenapaijnoHHBix 
npoijeccax. Ha pnc. 4 noKa3an Anana30H pa3MepoB nop HAepiiBix (Jhjibtpob 
b cpaBiieHHii c xapaKTepHBiMit pa3MepaMH nacTHij HeKOTopBix aapo30JieH. 
VKa3aHHaH Ha pucynKe hh/Khhh rpanuija AHanaaoHa nop — 150 A — BecBMa 
ycJiOBHa. 

PIcxoahbim MaTepna^oM npoii3BOACTBa HAepiiBix $iijiBTpoB cjiywHT 
jiaBcanoBaa (nojinaTHJienTepe^TajiaTnan) mienKa, uinpono HcnojiB3yeMan 
b TexHHKe. Ona OTJiHMaeTCH bbicokoii MexaiinqecKoii nponuocTBio, ycTOHHH- 
boctbk) k B03AeHCTBino Miionix pacTBopUT6JiCH u peaKTHBOB, Cojibuioii paAwa- 
ijhohhoh ctohkoctbio. CyujecTByiOT, oAHano, APyrae nojiHMepBi, no oTAejit- 
hbim napaMeTpaM npeBoexoAamne jiaBcan. Tau, Miiorne bham nojraapiuiaTOB 
ofijiaAaioT Jiynmefi, ueM JiaBcan, TenjiocToitKocTBio. BecBMa wiiTepecHBi nojra- 
hmhabi, cpeAn kotopbix ecTB peKopACMeiiBi no paAnai^HoiniOM ctohkocth. 
Bucoica xHMnnecKan ctohkoctb nonnnponiijiena. OToponjiacTBi ouimaioTcji 
yiinuajiBnoH ycTou^HBOCTBio k B03AeucTBnio arpeccHBHBix cpeA. 

Tn;KejiHe uoiibi oita3ajniCB BOCBMa ynnBepcajiBntiM uncTpyMeiiTOM npe- 
o6pa30BannH cTpy KTypBi nojiiiMepoB, nocKOJiLKy, Kaic noKa3ajin npoBeAeiiHHe 
HccJieAOBauHfl, motoaom HAepuBLx TpeKOB Monaio nojiy*niTB MHKpoaopH 
b njiacTHKax bcgx nepenncjieiiuBix bhaob v neo6xoAHMO *iHurB noAoSpaTB 
noAXOAHnjnii pcrKHM xMMHHecKon o6pa6oTKU odjiyneHiioro Maiepnajia. Hohm- 
3ai^HH, nppH3B0AHMaH Tfl^KejiBiMH ho Ha mii baojib nx TpaeKTopHii b BeujecTBe, 

HaCTOJIBKO CHJIBHa, HTO A^H<e B BWCOKOTepMOCTOHKHX H paAHai^HounocTOHKHx 

nojiHMepax ocTaioTcn ^e^eKTBi, BBiaBJiaeMBie xhmhhcckoh oGpaGoTKoii. K na- 
CToameMy BpeMeim H3 Bcero Mnoroo6pa3na nccjieAOBannbix noJiUMepuux 
MaiepnajioB jihihb b neKOTopBix He y^ajiocB nojiynnTB npoTpaBJienutie TpeKH, 

Hbiho onpeAejien pHA ofijiacTefl HanSojiee a^^eKTHBHoro npHMBHeHHH 
HAepHBix ^HJiBTpoB. IIpHBeA^M HecKOJiBKo xapaKTepuBix npiiMepoB, He npe- 
TeHAyn, pa3yMeeTCH t Ha nojinoTy ocBen^ennn Bonpoca. 

H3BecTH0 t ckojib BQ>KHa b coBpeMeHHOM npoH3BOACTBe nojtynpoeodttUKd- 
ebix npu6opoe HHGTOTa TexHOJiornqecKHx cpeA, b HacTHOcrn boam. IIpHcyT- 
ctbh6 nocTopoHHHx BemecTB h HacTHi( b nponjecce co3AaHHH no-TynpoBOAHH- 
kobbix npn6opos onasBiBaeT cyn^ecTBeHHoe BJiHHHHe Ha KaqecTBo h bbixoa 

npOAyKE^HH. B CBH3H C 3THM Ha HpeAHpHHTHHX dJieKTpOHHOH npOMMHIJieHHOCTH 

b KanecTBe hpomhbohhoh cpeABi HcnojiB3yeTCH oco6o HHCTan BOAa c yj@nh- 
hwm conpoTHBJieHaeM 45 — 18 MOm/cm, coAepraamaa He 6ojiee 50—150 MHKpo- 
nacTHu; (pa3MepoM ^0,2 mkm) b MHjuinjiHTpe. Bbictpbih nporpecc b o6;iacTH 

dJieKTpOHHKH HOCTOHHHO yW6CT0^aeT TeXHHHeCKHe Tpe60BBHHH K 3THB1 Ka- 

HecTBeHHtiM noKa3aTejiHM. HAepHBie $hjibtpm oKa3ajincb HAeajiBHUM MaTe- 
pnajioM ajih KOHennoH ohhctkh ot MHKpoiacnm h nojiyneHHH oco6o HHCTOH 
bo ah. 3to ooycjioBJieHo AByMH $aKTopaMH: BO-nepBtcx, HAepHMe 4> HJEbT P M 
c AHaaieTpoM nop 0,2 mkm 3aaep;KHBaK>T Bee MHKponacTHUH 6ojiBmero paa- 
Mepa t b tom iHCJie 6aKTepnH, bo-btopbix, b otjihhh6 ot 6ojn»nnfHCTBa Apyrax 

THHOB $HJIBTpyiOBAHX MBTOpHaJIOB OHH HpaKTH^eCKH H6 BBIAeJIHIOT B $HJIBTpaj 
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Phc. 4 #HanaaoH paaMe- 
poB nop HAepHMX (pHJitT- 
poB b cpaBEOBHH c xapan- 
TepraiMH paaMepaMH nac- 
tha HeKOTopHx aapoao- 
aefi 




Piic. 5. (DiijibTp co cBene- 
blim naTponoM ajih toh- 

KOii O'lllCTKII BOffU, BBI- 

nonneirHUu na pcHOBe 
«Hflepnoro» 4 )H «^ tT P 0BajIb ' 
noro MaTepnajia c Riia- 

MCTpOM IIOp 0,2 MKM 



KaKHx-jm6o HH3K0M0JieKyjiHpHbix npHMecen. CseHeBLie naTpoHbi H3 HAepHbix 
$imi>TpoB (pnc. 5) HMeiOT miomaAB pafJo^eii noBepxHociH okojio 0,6 m 2 n 
npoH3BOflHTeJibHocTB 6oJiee 0,25 m 3 hhctoh bo am b nac. Ohh~ KOMnaKTHbi, 
yAo6nia b pafioTe h MoryT 6bitb HcnojiB30BaHH He tojibko b MHKpoajieKTpo- 
HHKe, ho h b Apyrax ofwiacTHx HapoAHoro xo3HucTBa. Bo MHornx cjiynaax 
AJiH ohhctkh ra30Bbix cpeA HAepubie <|)HJibTpbi Aejiecoo6pa3Ho ncnojib30BaTb 
b coHexannH c jiymiHMH H3 cymecTByiomux xnMiinecKHx (Jjhjibtpob — <J>hjibt- 
paMii U3 «TKann», pa3pa6oTaHHOH aKa^eMiiKOM H. B. fleTpHiioBbiM-CoKo- 

JIOBUM. 

Pa3BiiTHe KpiioreriHOU TexHHKH h uinpoKoe ncnoJib30BaHue Kpnorennbix 
ycTpoficTB TpeSyiOT AaJitnefiuiero coBepmencTBOBamiH Temi03amnTHbix Ma- 



xepHajioB, H B H8 
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Oiijiltp co cbgig- 

naTpOHOM flJIH TOH- 
OHHCTKH BOAH, BH- 

irniJH Ha ochobg 
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MaTcpnaJia c Ana- 
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TepuajiOB, h b nacTHocTH 3KpaHHo-BaKyyMiioii TenjiOH3ojnmnn. CymecTBeinioe 
yjiynineHHe ee Tenjio3amHTHHx cbohctb Mo;neT 6htl AOCTnmyTo nyTCM 
cHHwennfl Tenjionepenoca 3a cneT noBbimeHHH ra3onpoHHi;aeMocTn aKpanon. 
OflHaKo npHMeHeHHe ajih 3toh ifenn nep$opnpoBanHbix BicpaiioB He ooecne- 
HHBaeT yjijnimeHiiH TenjiOBMX napaMexpoB h3ojihu,hu H3-3a pe3Koro B03pacTa- 
hhh pa^nai^HOHHoro TenjionepeHoca. OKa3ajioct, hto iiaujiy miuhm BKpauoM 
hbjihbtch ,MeTajuiH3iipoBaHnLiii Hjjepiibrii cfmju/rp, lienpoHmjaeMBin fljiH Tenjio- 
Boro H3JiyHeHHH, ho nponycKaiomHH MOJienyjiu ra3a. CorJiacHo Teopnn, jyin 
npaKTiniecKH nojraoro OTpa>KeHHH H3jiynenHfl anaMeTp oTBepcTnn ^ojihccm 
6bitb MeHBme noJiOBnnH ajihhh bojihm naaaiomero H3JiyHeHiiH (pnc. 6), 
a TOJinpiHa aicpaHa AOJinraa b ABa-wTHpe pa3a npeBumaTb AHaneTp oTBep- 
cthh. fljiH hsojihijhh, Hcnojib3yeMoii npii TeMnepaxypax Hn>Ke 300 K, smiM 
TpeSoBaHHHM yAOBJieTBopaeT KAepnuM $njibTp c anaMexpoM nop Meiibuie 

2 MKM. 

CoTpyAHHKH XapbKOBCKoro 4>ii3nKo-TexHunecKoro HHCTiiTyTa HH3KHX TeMnepaTyp 
nonaaaJiH, hto MHorocJioiinbie naiceTU 113 MCTajiJiii3HpoBaHHbix jiAepiiBix «<|>ttJibTpofe» 

HM6I0T 3$$eKTHBHIJH K03$l|)imiI6HT TCnJIOHpOBOABOCTII B 1,5 pa3a H1IHCG, *ICM 3KpaUHO- 

BaKyyMHan H30JiHniiH ili nep^opiipoBaunux MCTajuuweciurx miacTiin. HapaAy c yMciib- 
mciiHeM K03<t><£HHH6HTa TenJionpoBOAuocTu ncnoJibaoflanue naKGTOB H3 nAepnbix (JmjibT- 
poB 3na^HTeni>Ho coKpamaeT BpcMfl, 3aTpannBaeMoc no BaKyyMHpoBaHBG Tcnjioii30Jinpyio- 
mero o6i.eMa. Hau6ojibiniiii smJxJckt npuMoncmie uobou H30JianHn motkgt a^tb b Kpnoreu- 
hux cncTCMax, TpcSyioiniix MaiiciiMajitHo 3<J)4)CRTHBiioii TcrniOHaoJiflunH, HanpHMep b co- 
cyAax jujui H<nAicoro ra3a — rcjina, BOAopoAa, a chctcmbx rjiySoKoro oxJiajKABHHH, agmct- 
Byiomnx na otbcpagbhthx max. 

XapaKTepHCTHKH icoueMiioro npoAyKTa npu MCM6paiinoM pa3ACJieuHH pa3- 
jinTmux AHcnepcHUX chctgm, b tom nncjie 6HOJioranecKnx npenapaTOB, cii-ib- 
ho 3aBHCHT ot A.McncpcHH pa3Mopou nop b MGMGpane. Pa36poc nop nan6ojiee 
^acTo HcnoJib3yeMbix MeM(5pan na ocnoae npoH3noAnbix r^eJiJiiojio3bi cocTan- 
jihgt okojio 50%, hto HeH36eH?Ho yxyAmaeT pa3flejieHHe komhohghtob. HAep- 
HLie $HJibTpH oSjiaAaiOT 3 11 a^nTe jibho Meiibineir (2—5%) AHcnepcneii nop, 
h 3to AejiaeT hx He3aMeHHMbiMn b npoi^eccax ohuctku, Koni^eHrpupoeaniui 
u cTepuAU3ywmeu (pmibTpaituu eupycoe u eani^un. Pa6oTH b 3tom nanpaBJie- 
hhh 6ujih HanaTBi G. E. BpecJiepoM. 

BjiaroAapji ohchb MaJiOMy pa36pocy paaMepoB nop nepexoA ot nojiHoi aaAGpWKH 
nacTHu onpGAeJiGHHofi BGJimHHH k noJiHOMy nponycKaHHK) nponcxoAHT b aobojibho ya- 

KOM HHTGpBaJIC A^aMGTpOB nop. Il03T0My QGTpyAHO HOAOSpaTB $HJIBTp, C IIOMOn^BK) KOTO- 

poro npoHcxoAHT otagaghbg Kpynnux npuMecen ot cycneH3HH BHpycoB, h ^hjibtp c no- 
paMH MGHbmero AHaMGTpa, kotopbih ocyn^ecTBJifleT KOHUOHTpHpoBaHne BHpycoB. Oabo- 

BpGMGUHO npOH3BOAHTCR HX OHHCTKa OT GaJUiaCTilBIX npHMGCGH ( ^HatfjHJ] bTpaqHfl) , 

KOTopaa AOCTnraGTCfl lepeAOBaHHOM onepaunii kohughtpu po BaHHH h paa6aBJieBHa ihctbim 

paCTBOpHTGJIGM. IIpOUGCC npOHCXOABT C BblCOKOU 3<J)(|)eKTHBHOCTbH): AByKpaTHOe BOBTOpe- 

hhg 3thx onepauiiH cHHjKaeT, HanpnMGp, coAGp?KaHHG 6e;iKa b npenapaTG KyjibTypajibBor 
BHpyca 6emencTBa b 500 pa3. 

fljIH IIpOMTiTTnJTGHHBIX npOAGCCOB OIHCTKH BHpyCOB HCOOJIB3yBDTCfl njIOCKOKaMGpHBIG 

ann apaTBi-^ hji bTpo ag pHta tg jih . TbkoS annapaT o6ecno^HBaeT KOH^GHTpHpoBaBEG 5—20 a 
Ky jiBTyp ajiBHBix BBpycnux cycneH3HH 8a bpgmh 0,5— 2 h npn ckodocthx noTOKa tzchako- 
cth HaA MGM6paflon 0,1—0,5 m/c. Co3AaHHG TanrGHiniajiBHoro noTOKa y noBepxHocrs 

HAGpHOTO 4>HJIBTpa 06yCJI0BJI6H0 B606XOAHMOCTBK> Up 6 AOTBp aTHTB 6HCTpOG 3a6nBaHHG nop 
H CHHHCGHHG CKOpOCTH <|)HJIbTpaHHH (pHC. 7) . CgUHBC OTpaGoTBHU TGXHOJIOrHHCCKHG pGJKH- 
MBI OTOCTKH H KOHAGHTpHpOBaHHA BHpyCOB rpBTTUa, 6GD3GHCTBa, KJIGB^GBOrO 3HI^e$aJIHTa. 
BaKOHHU, nOJiy^GHHHG C UOMOtABH) TGXHOJI niH, OCHOB BHHO H Ha flAGpHBIX <f)HJn>TpaX, OKA- 

aaunicb b 10—20 paa 6onee g kt hbhhmbt, hgm ohhu^ghhug ApyrHMH mgtoabmh. 
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Phc. 7. IlsMeneHHe np0B3B0ARTem»B0CTH npoqecca $hjilt- 
paura bo apeMenu npn pa3JiHHHLix ckopoctkx TanreH- 
qnajiLHoro noTOKa 



Phc. 6. IIponycKaHiie 
aaeirrpoMaruiiTHoro Ha* 
ayHenra nep$opHpoBaH- 
sum anpanoM b sbbhch- 
mocth ot oTHomeenH A**a- 

MOTpa OTBCpCTHH K AHH- 

■e bojihu 



BajKneSman npofoieftia b npon3BOACTBe MeAimnncKnx npenapaTOB — koiit- 
POJib hx cTepHJiBHocTH. CooTBeTCTByionjHe npnSopBi, na3UBaeMHe «GrepH- 
TecT», npno6peTaioTCH celiac Hainn 3a py6e>K0M, a noTpeSuocTB b mix Be- 
Jimca. SKcnepHMeHTajibHan npoBepKa, npoBeAeHHaa bo Bcecoio3HOM uay^no- 
HccjieAOBatejibCKOM hhcthtytc aHTnonoTiiKOB, noKa3a:ia t *ito nono6BBie 

yCTpOUCTBa MOHCHO H3rOTOBHTI> Ha OCHOBe H^epHUX <J)HJIBTpOB. Mcn0JIi>30BaHBCe 

hx b npn6opax «GrepHTecT» 6o;iee ijeJiecoo6pa3Ho, qeM npHMeHenne Tpaan- 
ipcoHHBix MGRi6paH «MHjinHnop», 6jiaroAapn 6oJiBmefi npoHHocra, oTcyTCTBHio 
KopoSjieHHH hoa AeficTBHeM CKJieHBaiomnx areHTOB h APyrHM bhcokhm Tex- 
HOJiorHqecKHM KaneciBaM. MaTepnajiw jyw HAepmjx (Jhjibtpob He o6jiaflaroT 

HH CaKTepiaHHAHHMH, HH 6aKTepH0CTaTHHeCKHMH CBOHCTBaMU H BMAep>KHBaiOT 
CTepHJIH3ai^HK) JIK>6HM H3 HSBeCTHHX CHOCo60B. 

Ceireac Ha 3anaRe nrapoKO hphmchhiotch TaK Ha3tiBaeMHe HHAHBHAyajiB- 
Hue nacaAKH OAHopasoBoro hchojibsob a huh, c noMonjBK) kotopmx npoH3Bo- 
Ahtch oHHCTKa jieKapcTBeHHKx cpeACTB HenocpeACTBeHHo nepeA HHT>eKijiieH. 
3tot MeTOA oKaaajiCH oneuh HaAeHCHHM, ho h BecBMa Aopornwr. Mh H3ro- 

TOBHJIH OHKTHHe o6pa3IJH HacaAOR C MeMSpaHaMH H3 HAepHHX (^HJIBTpOB, 

KOTopue ycnenmo nponura HcmrraHHH. 

IIpeACTaBJiHeTCH nepcneKTHBHMM npHMemaTB HAepHBie <J>hjibtpbi h ajiji 

C03AHHHH CpeACTB 3aiIJHTIJ opraHOB AHXaHHH OT BpeAHHX B03APHCTBHH. 3Ta 

aaAana ocotJeHHO aKTyam>Ha b HacTonnjee BpesiH, KorAa Chctpo hhtchch^h- 
i^npyeTCfl npoH3BOACTBo h npo6jieMa san^HTBi nejioBeica h oKpyacaion^efi cpeAH 
BMABHraeTCH Ha nepeAHHH miaH. Mojkho ncnoJn>30BaTb HAepHBie <£hjibtpbi 
npn cosAaHHH B00eKTueubix pecnuparopoe xaa paSoTLi b ijeMeHTHon n 

yTOJILHOH npOMLimjieHHOCTH, JUIH CeJIBCKOrO X03HHCTBa. 

yrojiBHaa hbuib, HanpHMep, ho^th hojihoctbio coctoht m Hacran pa3Me- 
poM 6ojiee MHKpoHa (cm. pnc. 4) . Pac^ieTbi n aKcnepuMeiiTaJibHwe pe3yjib- 



[raTU noKaauBi 
1—3 mkm h mi 
fneJioBeKa h b 
fnHJiH. B JIa6( 

I KOMHaKTHHX i 

|pa6onero cjio> 
aaBHCHT ox bo: 

; necce 3Kcnjiy; 
jweTCH rjiaBHi. 



TpeKOBue 
MeTOfla HAepi 

HCejIBIX HO HOB 

hocth ropa3A 
3anaAHort 

KaMH H0H0B, 

noKaaaTb B03 

HSBeCTHO, 

jweT MHorne 

npOHHOCTB, o 

mohchoctb h: 

y B0JIBTH0& Te 

•• hocth. OKaac 
hohbmh h n< 
\ pnajia paane 

THBIteHHe H( 

HOBBiinaeTcn 

• «CBepXH30JIB 
COCTOHHHe II 

flpyroH j 

MeTOAa «A e ) 
Ha noBepxH< 

HIHM AJ IKHtl 

pa3. Tanan 
TOHKaa njie 

HHfl. IIpaKT 
HOHOB (10 iv 

b pe3yiiBTaT 
HoHnoe 
iioajiojkkoh 
MOHCeT 6ht 

TaK h 3a c* 
necKofi 06] 
apMHpoBaHi 

maiOTCH H3 
H3MH H HO 

nayHAH, cc 

3Hfl Me>KA: 

noBHuneHa. 
o6pa6oTaTi 
(pnc. 9). 
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^napaTOB — koht- 
BaeMue «CTepn- 
hoctb b mix ae- 
4 ok)3hom Haynno- 
tto noAoSmie 
. McnoJii,30BaHHe 
iCHeHOHHe Tpa^H- 

>CTH, OTCyTCTBHIO 
fM BMCOKHM TeX- 

iob He oS^a^aioT 

H BBI^ep>KHBaiOT 

.ie HHffHBHflyajiB- 

OTOpBIX npOH3BO- 

epe^ HHteKi^Hefl. 
'OTHM. Mm H3ro- 

PHWX $HJIBTpOB t 

4>HJIBTPM H 
103A6HCTB1TH. 0Ta 
CTpo HHTeHCH<$H- 

'ymaromeft cpe^H 

tepHBie (J)HJIbTpM 
B I^eMeHTHOH H 

C3 ^aCTHIJ pa3Me- 
'ajTbHMe peayjrb- 



THTLI nOKa3MBaiOT, HTO HflepHHH (|)HJIbTp C ^HaMeTpOM Hop 1 MKM, TOJIIUHHOH 

1—3 mkm h njioma^bio okojio 500 cm 2 npaKTHnecKH He 3aTpyAHHGT AHxaHHH 
HeJioBeKa h b to H?e BpeMH oSecneqiiBaex oHHCTKy B03Ayxa ot yrojibnoic 
nuJin. B JIa6opaTopnH H^epHux peawjHH H3roiOBJieHM onuTHiie o6pa3ipi 
KOMnaKTHHx pecnnpaTopoB H3 HAepHbix $hjibtpob c yKa3HHHOH TOJimHHOH 
paSo^ero cjioh. SKcnjiyaTaijHOHHbie xapaKTepncraKH tukhx pecnnpaTopoB 
3aBHCHT ot B03MOH\nocTii BoccTanoBJieiiiiH hx nponycKHOH choco6hocth b npo- 
ijecce 3KcnjiyaTai^nii iijin nocjie nee. 3(|>(J)eKTHBH0CTb perenepaijHH onpejje- 
jineTCH raaBHHM o6pa30M npnpoAOH a3po30JieH. 



TpeKOBBie ffeTeKTopw u H^epHwe <$hjii>tph — jihiiib qacTHue npHJiomeinja 

MeTOfla H^epHMX TpeKOB. B03M0>KH0CTH, CBH3aHHHe C HCnOJIL30BaHHeM Tfl- 
HCeJIMX HOHOB flJIH npGo6pa30B&HHH CTpyKTypbl TBepAHX TeJI, B fleHCTBHTCJIb- 

hocth ropa3A0 nmpe. 3to MoryT HOATBepAHTb HccjieAOBauHH, npoBOAHMbie 

Boprv 

3anaflHorepMaHCKue yneubie lie pacnojiaraioT ctojil hiitghchbhlimii uyn- 
kbmh hohob, KOTopue ecTb b }\y6ne, OAHano h b 3thx ycjiOBHHX hm yAanocb 
noKa3aTb B03Mo>KHocTb peuieiiHH pn^a TexnojiornqecKHx 3aAai. 

H3BCCTH0, HacpHMep, *rro CTpoeHue noBepxiiocTH MaTepaaaoB onpc^e- 
jineT MHorae hx CBOHCTBa: CMa^HBaeMOCTb, aAre3nio, Tpenne, 3JieKTpHHecKyio 
npoTOOCTb, onTimecKHe xapaKTepncTHKH. MeTofl HflepHtix TpeKOB a*gt bo3- 

MOKHOCTb H3M6HHTB 3aflaiIHHM 06pa30M CBOHCTBa HOBepx HOCTH. B BHCOKO- 

bojilthoh TexHHKe cymecTByeT npo6jieMa npoGoa' h3ojihtopob no noBepx- 
hocth. OKasajiocb, hto ecjiH AHDJieKTpH^ecKHH MaTepnaji oSjiynHTi* thjkgjimmh 
HonaMH h HOABeprHyTb cooTBeTCTByiomeii o6pa6oTKe, to noBepxnocTb MaTe- 
pnajia paaAejiHTCH na Mno/KecTBo oTAejiBHux «octpobkob». II pn 3tom conpo- 

THBJI6HH6 HOBOpXHOCTH yBeJIHTOTCH Ha HCCKOJIbKO HOpflAKOB. 3HQHHTCJIbH0 

noBbimaeTCH Hanpajuemic npoGon. HecoMiieniio, hto npHMeHenne Taicnx 
«CBepxH30JiflTopoB» oco6eHHO nepcneKTHBHo b ycjioBHHx BanyyMa, tab na 

COCTOHHHe HOBepXHOCTH lie 6yAYT BJIHHTb HldJIb, BO^a H T. A- (p"c. 8). 

JXpyvoK npHMep H3MeneHHH cbohctb noBepxnocTH MaTepnajioB c homoup>io 
MeTOAa HAepraix TpeKou — ynpaBJieHHe Koacfx^Hi^HenTOM OTpa;KennH. Ecjih 
Ha no b epxHOCTH c<&opMnpoBaTb MHOHcecTBo nepoBHocTeu c pa3MepoM } Menb- 

HIHM AJIHHK CBeTOBOH BOJIHH, TO OTpaweHHe eiO CBeTa yMeHblHHTCH BO MHoro 

pa3. TaKaa TeKCTypapoBanHaH noBepxHOCTb mojkct pacCMaTpHBaTbcn Kan 
ToHKaa njienna c H3MeHHion^HMCH b npocTpaHCTBe HOKa3aTeJieM npejiOMJie- 
hhh. IIpaKTHTOCKH ee nojiynaiOT c noMombio o6jiy i ieHHH 6ojibiHHM noTOKOM 
hohob (10 u — 10 12 cm"" 2 ) h nenpoAOJiHCHTejibHbiM XHMH^ecKHM TpaBJienneM, 
b pe3yjn»TaTe K03$$ HI ^ H euT oTpanceHHH CHHJKaeTcn ao 0,3—0,5%. 

HoHHoe o6jiyneHHe cyn^ecTBCHHo yBejiHHHBaeT chjih ci^enjieHHH MencAy 
noAJioacKofi h HaHeceHHOH Ha Hee tohkoh luieHKofi Apyroro MaTepnajia, hto 

MOHCeT 0UTb AOCTHTHyTO KaK 3a CHeT CKpblTLIX ( HenpOHB JieHHLIX ) TpeKOB, 

TaK h aa cneT yBejnneHHH mepoxoBaxocTH noBepxnocTH b pe3y^bTaTe xhmh- 
qecKOH o6pa6oTKH oSjiyneHHoro HOHaMH MaTepnajia. IIoJiHMepHbie cmojuj, 
apMHpoBaHHBie bojiokhhctmmh MaTepnajiaMH, npn CTapemm nacTo pa3py- 
maioTCH H3-3a nonaAaHHH b hhx BJiarn h yxyAineHHH aAre3HH Men^Ay bojiok- 
h3mh h nojiHMepHofi MaTpm^eH. BecbMa pacnpocTpaHeHHMH nprntep— kom- 
nayHAw, cocToan^e H3 TepMonjiacTHHHoro noJiHMepa h CTeKJiOBOJioKna. AAre- 

3HH MeHCAy KOMHO HGHTaMH TdKOTO KOMHayHAa M0JK6T 6bITb 3Ha^HTeJlbH0 

noBbuneHa, eciui noBepxHOCTb apMnpyiomero MaTepnajia npeABapnTejibHo 
o6pa6oTaTb — co3AaTb b uei& MHoacecTBO B3aHMHO nepecenaion^HxcH TpeKOB 
(pnc. 9). 



1 Cm.: Fisher B. E. t Spohr R. Review of Modern Phys., 1983, v. 55, N 4, p. 207—248. 
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B SyaymeM HA^pHBie TpeKH mojkho ncnojiB30BaTB Jim HCCJienoBauna 

(f)Ayopecif.eHi}uu u paManoecKoeo paccexmui MOJienyjiaMU, BHeflpeHHHMH 

B MHKponOJlOCTH HJIH aflCOp6HpOBaHHUMH Ha ailTGHHOIIOAOOHHX MHKpOCTpyK- 
Typax C BMCOKOH 3 Jie KT ponpO BO AHOCTbH) . 

Cefinac h a6 JiioAacTCH TeHAemjHH k 3aMene hctohhhkob aJieKTpoHOB Tep- 

MOdJieKTpOHHOrO THUa UCTOHHUKOMU C TiOJieBOU BMUCCUeU — XOAOdUblMU KOTO- 

daMu. Mx HpKocTb MOKeT Ha HecKOJiBKp nopHAKOB npeBBiniaTb kpkoctb hcto^i- 
hukob c TepMODJieKTpoHnoii aMHCCHeH. Ba>KHeHinKu napaMeTp xoJioflHoro Ka- 
TO^a — pa^nyc kphbh3hli ynacTKOB noBepxHocTH, ncnycitaionpix ajieKTpoHw. 
OcfiOBuan TexHHiecKaH TpyAnocTb npn H3roTOBJieiiHH f annx hctohhhkob — 
co3AaHne mukpohtji c msjilim paflnycoM KpuBH3Hbi npn BepinHHe. B flapM- 
niTaATe npeAJiomnjiH nojiy^aTb He 06x0 ahm tie cTpyKTypH c noMombio MeTOAa 

HflepHHX TpeKOB. 

MeTajiJiu^ccKaH pemiHKa 0 noBepxnocTH, b KOTopou BLiTpaBJienu KOHycoo6pa3Hue 
Tpei:H t npeflcTaBjiaeT co6oh mhotkcctbo HrojibHaxbix o6pa30BaBHH c pa^nycoM kphbhshbi 
npH Bepmime Meuee 100 hm (pnc. 10). BecbMa cymecTBeimo, hto njiomaflb TaKoro hctoh- 

HHlCa 3JieKTp0H0B MOHCHO CAeJIBTb OMeHB (XUIbmoft (COTHU KBaffpaTHUX CaHTHMCTpOB) , H 

nuiOTHocTb ncnycKaiomnx ajseKTponu KOHycHBix MHKpoiirji 6yAeT AOCTHraTb 10 s cm~ 7 ; 
Taiuie napaMeTpu o6ecneHHBaH>T hjiothoctb toke ajieKTponoB ao 10 A-cm"*. 

AHajiorQHHbi^o6pa30M, noAaBaa nbJioHUiTejibiibin noTeimnaji na cncTeMy 
Hrojib^iaTbix o6pa30BannH, moh;ho noJiyHHTb $(fj(peKTU6Hbiu uctohhuk odno- 
3apsidnux nojiooK\irejihm>ix uonoe. TaKHe hctohhhkh acnojibayioTCH b cKaira- 
pyiomeH Hoinioii mhkpockoiihh. HnTepecuaa mx pa3HOBHAnocTb — TaK ua3bi- 
BaeMbiii nyjiKannbiii hctohhhk — MHKpoTpyGKa, Hcpe3 uoxopyio npoxoAflT 
MOJieKyjibi ra3a, npno6peTaiouuiue uoa acuctbhcm cHJibiioro ajieKTpHHecKoro 
nojm y KpaeB Tpy6icn ojieKTpiniecKiiH 3ap«A- Ceii^iac pa3pa6oiaHa MeroAHKa 
nojiynciiHH «ByjiKanHi»ix» hctomhhkob c oahhm otbcpcthgm, iimcioujhm Aua- 

MeTp OKOJIO 10 MKM. 

MeTOA «Aepubix TpeKOB b coneTauiiu c TexiniKOH penJiHK nosBOJineT naro- 
TOBHTb ncTO T iniiK co Mno?KecTBOM MHKpOTpy 6ok Meubmero A^aMeTpa (pac.ll)'. 
Riih 3Toro MeTajiji naHociiTca na nouepxiiocTb cjiiojjli h Ha ctchkh uauajioB 
npoTpaBJieuiibix b iich TpeKOB, n cjiiOAa pacTBopneTcii b noAxoA^meM xh- 
MHHecKOM peareHTe. TaKaa MeTOAHKa H3roTOBJienHH Byjiuaiinux hctohhhkob 
hohob HpeACTasjiHeTCH oneHb nepcneKTHsnoH, 

Pha HHTepecubix 3aAa^ pemaexcH npn noMomH MeMSpan c 0AH110HHWM 
OTBepcTHeM. OAHHOHiioe oTBepcrae b njiacTHHKe noJiy^iaioT npa ee oSjiyneHHH 

OAHHM-eAHUCTBeHHLIM yCKopCHHblM HOHOM (bCHOMHHM, HTO B $ H3HTiecKHX 

BKcnepnMeHTax na uo^yneHHe OAHoro aioMa HOBoro 3JieMenTa pacxoAyeTCfl 
~10 16 ycKopeHHMx nacTan). MeM6paHbi c oahoh nopou (puc. 12) ncnoJib- 
3yK)TCH j^jik cneTa, onpeAeJiennn pa3Mepa h hoabh>khocth nacTHi^ cySMHKpoH- 
Hbix pa3MepoB, b tom TOWie 6uojiorHHecKHx o6i>eKTOB: 6aKTepnH, BnpycoB, 
KJieTOK. IIpHMeHHH oTBepcTiie c pa3MepoM nyTb Mem>miiM, hbm pa3Mep KJieT- 
kh, moh;ho oijeHHTb ee Ae^opampyeMocTb. HeAaBHO 6hjio nonaaano, hto a©- 
$opMHpyeMOCTb KpacHbix KpoBHHbix Tejien; cBH3aHa c pa3jiHHHbiMH 3a6ojie- 
BaiiHflMH cepAeHHo-cocyAHCToii cncieMbi, hto mohcho Hcnojib30BaTb b i^ejiax 
hx A HarH ocxHKH. 3AopoBue kjigtkh Ae^opMHpyioTCH JierKO, a yxyAuieene jne- 
4>opMHpyeMOCTH kjictok MoweT npHBecra k onacHbiM jinn opraHH3Ma HBJie- 
hhhm. Cefinac djix MedutfUHcnou duasuocruKu H3roTaBJiHBaiOTCH Sonbrane 

napTHH TBKHX MeMSpaH C OAHHOHHbIM OTBepCTHeM. 

Jlazepnasi rexnuna HyHCAaeicn b ebicoKoronubix dua$pazMax a^* C03Aa- 

HHH CBeTOBHX UCTOHHHKOB BMCOKOH HpKOCTH* OT Ka^eCTBa A^a^parM 3aBII- 
CHT H KaneCTBO 3JieKTpOHHO- U HOHHO-OHTHHeCKHX CHCTeM. ^o iiacTOHmero 

BpeMeHii HcnoJib3yiOTCH HroJibnaibie AHa$parMbi c AHaMeTpoM okojio 1 mkm. 
IlyreM KOHTpoJinpyeMoro OAnoctopounero TpaBJieHHH OAnnonnbix HAepnbix 




LPhc 8. JlaGapHUTHaH c 
Icth cjibdau, noJiynenHa 
FtpeKOB. llomian o6p. 
r C HU)KaeT hx uoBepxnoc 
^Ha HecKoJibK nopnA«o 




Phc. 10. 3JiuKTponni 
noBepxuociH xojioaii 
jiennoro mctoaom w 



t 



I 

i 



TpeKOB B TOHKHX 

npaKTHHecKH h^ 
(Phc. 13). BJiaro 
OTBepcTHfl c rjia; 
noJiy^aTb ny^KH < 
MeMSpany c < 
rexnune e Kcmea 
pyw onpeAeJineT* 
Mep, npH nepena 
napauHH MO^eny 
KOTopbie pa6oTai 
HHTepecHbie 

HOHOB B ABy CJI0i 
(HeCKOJIbKO HOX( 
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HccjieAOBaung | 

BHeApeflHWMH m 
« MHKpOCTpyK- 

»JieKTpOHOB Tep- ■£ 
JiodubiMu, Kafo- I 

HpKOCTb UCTOH- I 

> xoJioAnoro Ka- | 

JHX 3JieKTpOHM. | 
: HCTOqHHKOB — I 

aiiHe. B Aap M - •} 
>MOIHbK) MeTo^a 1 

".'3 
;„* 

i Konycoo6pa3Hue S 

^nycow KPHBH3HU 1 

JAi* Taicoro iictoi- 

CaHTUMGTpOB), H M 

mraTB 10 8 cm-'- # 
t -Z B • ' • ^ 

raji na cucTeAfy 

'CTOHUUK odHO- 
IOTCH B CKaBH- 

ri» ■ Tart uasBi- 
>yio npoxoflHT 

^eKTpHTCCKOro 

/raiia MeTo^iiKa 
tMoromuM AHa- 

o.iBbjiaeT iLiro- 
«Tpa (puc. 11). 
TeiiKir Ka«ajioB 
Axo^Hmeai xh- 

•IX HCTO*IIIHKOB 
C OmuOHUUU 

ee o(5jiy*£6HHH 

0 $H3HHeCKHX \ 

a pacxo^yeTCH 
• 12) hciiojib- 
m cygMHKpoH- 

PHH, BHpycOB, 'i 

pa3Mep KjreTr v 
aaano, hto fle- 

nwMH aafJojie- , 

>Bau> b qejiax • 

xy;mieHHe ae- j 

■ aHH3Ma HBJie- /' 

otch SojiBnme i 

ax fljra co3^a- : 
f a$parM 3rbh- 
o riacTOHmero 

OKOJIO 1 MKM. 




Pnc. 8. JlaCiipHUTHaH cTpyKTypa nOBepxno- 
cth cjiioam, noJiyneuHaa mctoaom HflepHUX 
Tpeivon. Honuan o6pa6oTKa ii30jihtopob 

CHUJKaeT UK UOBOpXHOCTHyK) UpOBOAUMOCTB 

Ha uccKOJibKo nopnflKOB 



Puc. 9. Co3flamie nepeceicaioimixcji flflep- 
hux TpeKOB Ha noBepxnocTH KOM1IOH6HTOB 
MHKpOKOMnoaiiunonilux MaTepnajiOB — ho- 
Bui\ cnoco6 noBunieniiH nx aAre3noHHou 
npo'inocTii 





PHC. 10. 3JICKTpOHHaH MHKpo4>oTorpa$HH 
noBepxnocTH xoJiOAHoro KaTOfla, H3roTOB- 
Jieunoro mctoaom fl^epHux TpeKOB 



Puc. 11. MuKpoTpyGim, nojiyqeHHiie HaHe- 
coinieM MCTajuia na BnyTpeinnoio noBepx- 

IIOCTU CKB03IXUX TpeKOB B CJIIOfle C HOCJIC- 

flyiomuM yAajieuneM cjiioahhoh MaTpnuBX. 
HoAoSuaH CTpyKTypa npeACTaBJweT co6ou 

BIJC0K03(|)L{)eKTHBIIMU HCTOHHHK HO HOB 



TpeKOB B TOHKHX CTeKJIHIIHBIX HJiaCTHHaX MOHCHO H3rOTOBJIflTB AHa$parMBI 

npaKTinecKH HfleajiBHoii $opMH b flecflTKH paa MeHBinero AHaMeTpa 
(pHC. 13). BjiaroAapa bbicokoh roMoreiraocTH CTeKJia noJiynaioTCH Kpynnae 

OTBepCTHH C rJiaAKHMH KpdHMH, npHMGHeHHe KOTOpblX B OIITHK6 H03B0JIfleT 

noJiynaTb ny^KH c npaBH jibhu m npo^HJieM. 

MeM6paHy c oahhohhmm OTBepcraeM mohcho Hcnojib30BaTB e eanyyMHOu 
rexHune e nanecree KajiuCpoeauuou Tenu, ckopoctb noTona ra3a nepe3 koto* 
pyio onpeAeJineTCH pa3MepoM otbppcthh. TaKan cacxeMa pa6oTaeT, Hanpn- 
Mep, npn nepenaAe ^aBJieHHH b HecKOJiBKo aTMoc^ep, hto npenaTCTByeT ce- 
napanHH MOJieKya c pa3HHM MOJieKyjiapHBiM BecoM — b oTJiHHHe ot chctcm, 
KOTopue paSoTaioT npn nepeMenHOM AH$$epeHi^HajiBHOM AaBJieHHH. 

\HHTepecHue pe3yjiBTaTBi nojiyneHH npn TpaBJiennn CJie^OB thjkgjibix 
hohob b ABycjioHHux MaTepnajiax. Cennac naroTOBJienu nopncTue CTpyKTypu 
(HecKOJiBKo noxo>KHe Ha pa3pa6oTaHHHe b JIa6opaTopnH H^epHux peaK^nS 



B UpesuduyMe AnadeMUu nayn CCCP 



%res ceepxTXxce 



acHMMeTpHHHtie H^epHHG ^HJibTpu) H3 iuibbok rpanaTa, na KOTopue 3Qh4 
TaKcnajiBHHM choco6om HaneceH tohkhh cjioh Maxepnajia, HMeiomero cko 

POCTB Tp&BJIOHHH, OTJIHHHyK) OT CKOpOCTH TpaBJI6HHfl IMeHKH-nOAttOyKKal 

(pnc. 14). IIopM b btom cjiynae hmoiot $opMy SyxbmoK c kopotkhm h yamiM? 
ropjrBnnKOM. 06jiaaaH noBHmeHHOH nponycRHOH cnocoSHocTbio, Taican cTpyK-%; 
Typa, cocroamafl H3 MHO&cecTBa HecKBoamxx nop 6yxHJio^HOH $opMti, MOHcer f; 
cjiy>KHTB doaaropoM AenapcTeeuHbix cpedcre. 

Uymm THxeeoHX hohob mojkho Hcnojn>30BaTB ajih Jiurozpa$uu. CoBpe- r 
MeHHBie HeTOAHKH $oTOJiHTorpa$HH, a TaKHce jniTorpa^HH c HOMonjBio perns . ] 
reHOBCKHx jiynen n aneKTpoHHux nyHKos Aam bo3mohchoctb noaynaTB CTpyK- 
Typu c pa3MepaMH AeTajiefi okojio 0,1 mkm h oTHomeHHeM rjiy6HHBi pejite^a > 
k ero mnpHne nopHAKa 10, JlHTorpa$HH c noMOnp>io THHtejiHX hohob — cae- 
Ayion^iH mar b pasBHTHH MeTOAa, no3BOJiaiomHH H3roTOBJiKTB 6oJiee tohkh& 
h ray6oKHe MHKpocTpyKTypii, hto BecBMa Banmo npn pa3pa6oTKe KOMnam^ 
eux HHTerpajiBHBix no^ynpoBOAHHKOBUtx npa6opoB (pnc. 15). 

IlyHKH THJKejibix hohob c 3HeprneH nopHAKa coTeH MeraaJieKTpoHBOJiBT 

Ha HyKJIOH HCBOJIB3yK)TCH B M6AHI^BH6 RJIR fllianiOCTHKH H B03A&HCTBHH Ha 

paKOBiie o6pa30BaHHH. MoaseT 6htb, cJiepyeT pa3pa6oTaTB hohhbih «MHKpo- 

HOJKD — y3KHH MHKpOHyHOK yCKOpGHHBIX THJKCJIBIX HBCTHIJ, C TeM HTOSbl 

HanpaBJiHTB ero b By>KHyio TOHKy. 3to pacmnpHT Taioice bo3mo>khocth MeTo- / 
Aob jiHT^rpa$HH, HMHJianTai^HH, B03BOJIHT npoBORHTB oco6o ToiiKyio o6pa- 

60TKy MHKpoo6 f BeKTOB. 

IIpeACTaBJifleTCH hcoSxoahmbim ycHJiiiTB pa6oTu no ocynjecTBJieHHio scex 
yKa3aHHBix ha^h, nprajieHB k dthm npo6jieMaM nrapoKHH Kpyr cneijHajmcTOB 

H3 COOTBOTCTByiOn^HX oSjiaCTefi TeXHHKH. 

Ct&hobhtch oneBHAHHM, hto jsjin peuueHHH nepeHHCJieHHBix npHKJiaABUx 
3aAan Heo6xoAHMo co3AaHHe cnei*HajiH3HpoBaHHbix ycKopHTejieu THnsejJbix 
hohob, KOTopue oSecnenaT nynira neo6xoAHMux napaMeTpos a b to we BpeMfl, 
fijiaroaapn MiIJvlim pa3MCpaM, 6yAyT yAo6ubiMH b aKcnuyatai^HH. IIpoBeAeu- 
iibiii hbmh aua;m3 noKaaaji, hto MaccoBoro npoH3BOACTBa HAepubix 

t^HJiBTpoB nyamo cosa^tb ko m na kt hbih ycKopmejiB — ijHKJiHHecKHii HMnJiaH- 
xaTop, 3aHHMaiom[HH njion^aAB ne 6oJiee 150 m\ a6cojnoxHO 6e3onacnuH 
b oTHomenHH paAnai^HH. 

3to 6yAeT naoxpoBHUu abkjiotpoh c AHaMeTpoM hojixocob 1 m v Be com 50 t (ycKopn- 
toju» y-300 Becirr okojio 2200 t),c norpe6nHeMOH moiahoctlk) 150 kBt h HHTeHCHBHOCTbio 
hohob aproua b nynuax (i — 2) -10 42 nacT./c. 3HeprHH hohob 1 MaB/HyKJioH on thm a jilii a 
Ajih o6jiyHeHHfl noJiHMepHBix njienoK 10-mukpohboh tojuahoh. Tokho abkjiotpohbi Moryr 
6biTt nocTpoeuu na ochobo HMeiomnxcH b CCCP tiihobux MarHHTOB. Ilpn DRcnJiyaTaaHu 

9THX yCTfiHOBOK H6 HyTKHO 6yfl6T H3M6HHTB peHCHM pa^OTU, nepexOAHTB OT OAHOrO BHA& 

ycKopjieMtix hoiiob k JipyroMy, n 6jiaroAapn 9TOMy Gyxyr o6ecneneHH BHcoKaa CTa6njii»- 
hoctb napaMeTpoB nywa h npocTOTa o6c Jiy >k h b an h h ycKopHTejia. IIpeflCTaBJiHeTCH TaK- 
we Ae;iecoo6pa3UMM HcnoJibaoBaTB rjih ycKopeHHH rsmenux hohob cyn^ecTByioiAiie 
b Mockbg, JleHHHrpaAe h KneBe ahkjxotpohh dapux KOHCTpyKAHH. 

B nepcneKTHBe nynKH THHceJiBix hohob MoryT 0Ka3aTBCH 3$$eKTHBHBiMH 
A^ih pemeHHH eme AByx BaHCHefimnx 3aAan. flepBan — npoeedenue padua- 

IfUOHHblX UCnblTCLHUU MCLTepuaJlOe. ECJIH Ha BHXOAe I^HKJIOTpOHa HOCTaBHTB 

naKOHHTejiB ycKopeHHBix hohob, to yAacTCH nojiy^HTB moe^hoctb b ny^Ke 

HOpHAKa 10 MBT, H 9TO H03BOJIHT MOA^JIHpOBaTB HpOI^eCCBI B TOpMOHAepHBIX 

ycTaHOBKax. BTopan — coctoht b cosdauuu Jiaaepoe c yjibrpciKopoTKOu eojinou 
a3AyH€Hiui. Rjix HaKawH aKTHBHoro Teaa Tanoro Jia3epa Heo6xoAHMa BBicoKaa 
HMnyjiBCHan mod^hoctb, KOTopaa mokst 6bitb AOCTHrayTa b nynite ycnopen- 

nUX THH^eJIHX HOHOB. 

CJieAyex oTMeTnTb BamHOCTb npo6jieMbi o6ecneHeHn« pnAa panonoB cTpanu npecHoii 
BOAoii. HpeaBtraaflHo BamHo npeAnpnHHTb Bee B03Mp»Hoe win coaAaraH hobux a$$eK- 




Puo. 14. IIopu «6> 
ayHeHnue mctoao 
AByxcJiouHoii hjioui 



THBHBIX BHA B o6p; 
HAepHMX $HJU>TpO) 

ohh pa6oTaK)T noi- 
6iXBaTb, hto hocjic 
jmanHH Ha cTpyni 

TaJlbHBIH noucic n 

HcnoJibayfl h© toji 
Hue kom6hh aitfiH 

BeccnopHo, 
a b pHAe o6ji? 
a$$© KTHBH0CTI1 

SKeJIBIX HOHOB 

ho AaJiBHeHme< 
ycjioBHH mnpo 

t H npeUH3HOHH< 

s hoS ceTH Hayn 
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i, na KOTopwe ana- 
HMeiomero ckoJ^ 
njieHKH-noAJiojKKa 

KOpOTKHM H y3KHjf 

>CTbK>, TaKan cxpyxJ 

CHOH $OpMU, MOHCer 

•<UTozpa$uu. CoBpe4 

1 C HOMOHJbK) pemv 
•tb nojiynaTL CTpyn- 
■* rjrySHHu pejiLe^a 
<ejiux hohob — cjie- 

;JIHTB 60Jiee TOHKHe 

} 3pa6oTKe KownaKT^I 
15). 

MeraajieKTpoHBojiBT [ m 

II B03«enCTBUH Ham 
b HOHHUU «MHKpO" 
C TeM HToSbl 
-103MOJKH0CTU MGTO- j 

ooo ToiiKyio o6pa-' 

yu^ecTBJiemno Bcexj 
«pyr cnemiajnicToi^ 

hhhx npuK^aAHHxI 
•PHTejien TH^Kejiuxr 

B H B TO HCe BpeMfl t l 

iTar^HH. IIpoBeflea- 
iBo^CTBa Hflepimxl 

IHieCKHH HMn^aH-L 

'otho 6e3onacHua?| 

• ■ si 

BecoM 50 t (ycKopH-1 

H HHTeHCHBHOCTLK>| 
/HyKJTOH OBTHMaflMaf 

o ipnuxoTpoHH Moryrl 
»• Ilpa aKcnayaTai^l 

WTh OT OAHOro BHfla : I 

m BucoKaa CTafawb- 
IpeflcTaBJweTCH TaK-i 
hob cymecTByromne^ 

« 3$$eKTHBHHMH 

f oeedenue padua- 
•TpoHa nOCTaBHTB 
u^hoctb b ny^Ke: 

B TepMOHAepHUX >, 
IKOpOTKOU 80AH0U J 

oxo^HMa BHcoKan 
ny^Ke ycKopeH- 

'OB cTpaHu npecHofi 1 
tuna H BHX 3$$eK- 

• "3 



CunTes ceepxTHotceAUx BAeMeuroe 
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Phc. 12. OAUHOiHaa «HflepHBH» nopa b no- 
jinKap6oHaTHofi MeM6paHe 



Phc. 13. KoHycoo6pa3Hoe oTBepcrae b cteK- 
jijihuoh njiacTime — BMCoKOKanecTBeHHaH 
AHa^parMa 





Puc. 14. IXopu «6yTUJioHnou» $opMu, no- 

JiyqUHHMO MCTOAOM fl^epHWX TpeKOB B 

AByxcjiouuou mieuKe rpanaTa 



Phc. 15. IlaoCpaiKenue MeTaaJiiPiecKofi pe- 
eugtkh ii a luieuice HByoKHCii KpeMBHH, no- 
jiyncunoe motoaom houiioh jiHTorpa$HH. 
Pa3pemeuue Jiynmo 0,1 mkm 



THBHHX BHAOB 0 6 p aTH 00 CMOTBH6 CKHX M0M6paH H ODpeCHHTeJILHHX yCTaHOBOK. G HOMOmbK) 

flAepmix 4»hju>tpob npo6JieMa o6ecconHBaHHH boah eme He mojkbt 6htb pemeea, tbk kbk 
ohh pa6oTaH)T noKa jramb b poKHMax yabTpa- h mhkp o<J) hji ltp aijHH . OAHaico Heabaa aa- 
6HBaTb v *rro h ccji e ao BaHH ABJieKo He Bee bosmojkhocth HanpaBJieHHoro BoaAeflcTBHH pa- 
jmannH Ha CTpyroypy MaTepnajiOB. B 6aiWKaninee bpgmh hco6xoahmo booth aKcnepHMen- 
TajitHUH noHCK b HanpaojioHiin aocthhcckhb hobmx cboActb noJiHMepHbix m aTepnajiOB, 
HCHOJibayfl He TOJibKo ycKopeHHue Tawejuae hohu v ho h p-nacTimu, f-paAHaAHH), paanHH- 

Hbte KOM6HHaAHZ $H3H^eCKHX H XHMHH6CKHX MeTOAOB. 

BeccnopHo, hto npHMeHerae THJKejibix hohob BHecoT cymecTBeHHUH, 
a b pa^e o6jiacTeu tohkoh TexHOJiorira pemaiomHH BKJiafl b noBbnneHHe 
a$$ eKTHBH o cTH npoH3BOACTBeHHux npoijeccoB. Hcnojib30BaHHe ny^KOB th- 
Mceabix hohob yace ho3bojiiuio noJiHocTbio pemHTb paa TexHunecKnx sa^an, 
ho AajibHefimee paaBHTHe mctoaob hohhoh TexnojiorHH bo3mo>kho jihihb nps 
ycaoBHH nmpoKoro hphmchghhh ycKopHTejien THH<ejxbix hohob KaK Mon^Horo 
h npei*H3HOHHoro HHCTpyMe ht a h npHBJie^eHHH k stoh pa6oTe paBBeTBjieH- 
Hofi C6TH Hajrqebix opranH3ai^HH H ynpejKAeHHH. 



J 



B JlpeauduyMe AxadeMuu nayn CCCP 



(peauduyMe A itade. 



B xoab ofcysueBHH nay^noro coo6meaafl aapeKTop Bcecoioasoro Bayroo-Bccaej 
Bareabcaoro BHCTsryra bhthGhotukoi C M. Ha&aman paccHaaaji 6 BpSMeBeaaH aAepi 
(piuitTpoB b Mejyuuane. Obh ycaamao aaMOHann nanopniue Mea6paHU «MuaJranop> 
npsGopax nua aoBTpoaa CTepaabBOCTH MeaaaHBCKHX npenaparou. HcaoabaoBaHae 
b KanecTBe BBaBBBnyaabHux $B&bTpoB npa HHieicanax noanoaaeT eojohoctuo 
Cfl ot MBxaHB^ecRKX npHMecea b HffteKimoHirux npcuaparax, hto flaer BoaMoatnocn* 
paqm pa i B AHanaaoa aeaapcTB, ynoTpeoaaeMux o&a BayTpBaeaBUX wxbbbbA. . -^1 

AjcaflekaK H. B. neTpaaoB-Coxoaos aoA^epiuxya, <rro aAepaue «pHJn,Tpu o6aaAa»rVi 
AByMH yBEEajibnuMH k qi e ctbbmb. Ohh hm6h>t CTporo KajmSpoBairaHe oTBepcraa, cpa^ea 
paaicepu btbx oTsepcTHft mobsbo BapupoBaTb b nmpOKHX npenjaaax. Taime $aabTpu '* 
HHeioT fo&bmoe aaaieaae naa MHKpo6aouoraii a ueOHUEHii, rae Hoo6xonmia oieab toh-| 
aaa cenapaoHfl ibcthb no paaiiepaM (aanpauep, Koraa syaiao orAaaaTb naToreaaue^ 
MaKpoopraaaaau ot Batmauu). Btopoe saaiucuiaee aaiacTBo aAepaux $aabTpoB — ax ; 
raajptaa aepaaabaaa nonepxnocTK, noaBoaanaiaa aenco copacuBarb CKoaaauiaaca aa 
aefi ocafloa, nooTOny mobcbo BcnoaiSOBaii, laaae cpaabTpu aaa aamaTU, aanpaaep, ot ' 
yroabaoa nuaa. Heo6xoanMo paapa6a-ruBaTb eawue paaaaiBue Texaoaorax c noMoaqjo 
Hflepnux (J)HjiLTpoB h opraaaaoBaTb Maccoaufi sunycit asaeaaa aa ax ocaose. 

Maea-aoppecaoaAcar AH CCCP r. A. CmojichckhS cooGmaa, ito aAepaua (poafcTpu 
BaxonaT BpBMciieaae a nponaaoacTae paABOBcpaMBKa; ona noaaoaniOT Taxace yBeaaro-' 
Ban BOBepxaocTBoe conpoTHBJXBHHB aaearpaHecKax ycTpoScta. Haaoaea, c acnoabaoaa- 
uueu aAepaux <phjiltpob cBaaaau aonpocu cTa6aaaaaBBB mecTitax uaraaroB a coaaa- 
nna ancMearoB naunTn ana bobux BUTOcaareabaux warn mi. 

Otmctbb, ito nAcpiiue (paaLTpu MoryT nauTH umpouoe upaueoeaao a apoaeccax 
pocra upacTaaaoa, ai;aAcuaa B. K. BafinuiTcfiu yaaaaa aa cymecTByaanee ceiiac aa- 
cootbctctbbc Moauty ana^onacM npo&icHU ncaoabaoaanaa arax (phjiltpob u MacmTaooM 
co pcmcnaa. HeoCxoflnno yjiyirauTb oprauuaaiiaio a KoopAaaaaax) a^nx pa6oT. 

Maoraa aaaiOT <pHm.Tpu Oaepoaa, caaaaa aicaAeKaa A. M. IIpoxopoB, no Tpc6yerca 
CoJiae mapoKan aa^opMauaa o BoaMoatnocTax ax npauonenaa. MoateT 6utb, caenyer 
naABTb OoabmaM Tnpa;aokf 6yiuicT t nocaaiBcnaufi aToiiy Boapocy. 

Bucouo ouoima noaue 4)aai,Tpyian;iie ua-rcpuaau npcaaAcaT AicaACMua nayit CCCP 
ai(aAeuax A. II. AacacoiiApoB. Cckmbc, cicaaaa on, noaBaaacb BoaaoaiaocTB naaaAarb 
aponaaoACTBO aAcpaux ^iuiltpob ua Muorax yciiopaicaax CoBCTcicoro Coioaa, Cea ymep- 
6a aan npOBOAHuux Tau nay^nux paGoT. TIpaMcueaac (pmiLipoB qpesBmafiao bb»bo 
Ana 6opj>6ii c apo^eccuoaaabuuMu aa5oacBaauaMB t BuaBaanuiia noaaAaaaeif a aeraae 
BpfiAaux BemecTB, nanpaMep, npa paooTe c yraBM, icpeMBBCTUua nopoAaua. 3th <paai,T- 
pu Moryr oaaaaTbca noaesaiiMa aaa npcAyapewAcaaa cTacpaaoKORBOBOfi BncpeKaaa. 
Kan ynte OTMeioaocfc, ona aeaauekaMU b uai{po6noaora^ecuoB Texnoaoraa, HcBOOBao- 
Baaae aAepaux (pnaLTjwB b cacTeuax ooeccoaaaaaBa boau uo»er OKaaaiBca qpcaBU- 
laflao 3(p(pcKTHBnuM. A. II. AaeacaaApoB Bucaaaaa Maeaae o b6o6xoabkoctb coaAaTb 
b AaaAcaaa saya CCCP BeCoawBoe npoBaaoacTBO aAepaux ^aaiTpoB paaamroMx koab- 
(paKamiu Aaa aayitn n tbxbhkb. Ob no3Apaena AoaaaA^aaa a bbcb ero KoaaeaTHB c Jtpyn* 
bum ycaexou a npcAaoatua saaBarb coaAaaaue aaepaue (pHatTpu «tpajiLTpaMH (Daepoaa*. 
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AH CCCP P< 
^cneKTpocKonHH, cei* 
^pyeeKou 1 . 3to nai 
MoneKya b MaTpHAf 
Wection spectrosco 
CymecTByioT tj 
^opraHJPiccKHX moai 
(JocipopecijeHUHH 
jmnefi^iaTHMH cn 
'cneKTpaniHHX noa- 
"mbtpob). TaKHe «p 
mbthbhu. HHorna 
ciByionQrio kphctb 
aecTHux B-napa$B 
JgpaTypax cneKTp n 
S OAnaKO, npHHHMa 
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?0 b 6oJibinnHCTBe ca 
»tch nnrpoKonoaoi 
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owaopoflBO h o6aa. 
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